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G. Peptide Bond Formation 

with the Aid of Coupling Reagents 

1. The Dicyclohexylcarbodiimide (DCC, DCCI) Method [1] 

a. Coupling with DCC 

^-Phthaloyl-L-threonyl-L-phenylalanine Methyl Ester [2] 

CH3 

CHOH CH2 

-CH-CQOH - H2I*-CHT-CO-OCH3 ♦ ^^-N=C=N— ► 

o r, o 

II    CHOH CH2 o . 

(^^^-CH-CO-NH-CH-CO-OCHs   ♦ ^^NH-C-NH— 

0 
C22H22N206 1410.4) 

A solution of L-phenylalanine methyl ester hydrochloride (5,4 g, 25 mmol) 
in water (20 nil) is treated with a solution of K2C03 (5.0 g, 36mmoi) in 
water (10 ml) and the mixture is extracted with ether (three times, 25 ml 
each time). The ether extracts are pooled, dried over MgS04 and the solvent 
removed under moderately reduced pressure with the help of a water aspirator. 
The residue [3] (about 3.6 g, 20 mmol) is added to a solution of N-phthaioyl- 
L-threonine [4] (2.53 g, 10 mmol) in dichioromethane [5] (40 ml) followed by 
the addition of dicyclohexylcarbodiimide [6, 7] (2.06 g, 10 mmol). A pre- 
jgipitate, N,N'-dicyclohexylurea, starts to separate almost immediatelyand its 
amount gradually increases. Alter five hours at room temperature the urea 
clerivauve is removed oy filtration [8] and washed with dichloromethane 
(20 ml). The combined filtrate and washings are extracted with N HC1 (30 ml), 
N KHC03 (3-0 water (30 ml), dried over MgSOd and evaporated to dry- 
ness in vacuo. Recrystailization of the residue from acetone-ether affords the 
pure dipeptide derivative (3.72 g, 91 %) melting at 149-152 °C. A sample is 
recrystallized for analysis from acetone-ether melts at 153-154 °C; [otfj 
+1.9° (c 0.7, dimethylformaraide). 
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11. Activation and Coupling 

1. Sheehan, J. C, Hess, G. P.: J. Amer. Chem. Soc. 77, 1067 (1955) 
2. Sheehan, J. C, Goodman, M., Hess, G. P.: J. Amer. Chem. Soc. 78, 1367 

(1956) 
3. The free amino acid ester should not be stored: it is gradually transformed into the 

diketopiperazine cyc/o-L-Phe-L-Phe-. 
4. Hydroxyamino acids can be used without blocking the hydroxyl group, .but with 

excess aclyating agent, oacylatiori can occur; cf. Bodanszky, M., Gndetti, M. A.: 
Chem. Ind. 1966, 26. 

5. Preferably freshly distilled solvent should be used. 
6. Equally good results can be obtained with diisopropylcarbodiimide. 
7. Carbodiimides are known for causing allergic reactions. They should be handled 

with care; contact with the skin and particularly with the eyes should be avoided. 
8. Removal of N,N'-dicyclohexylurea is usually incomplete; a small amount which 

remains in solution can contaminate the product and has to be removed from it 
by crystallization or chromatography. This difficulty can he circumvented by the 
application of water soluble carbodiimides since they give rise to water soluble urea 
derivatives, (cf. Sheehan, j. C, Hlavka, J. J.: J. Org. Chem. 21, 439 (1956)). The 
water soluble reagent N^thyl-N'O-dimethylaminopropylcarbodiimide hydrochlor- 
ide is commercially available. 

144 



G. Peptide Bond Formation with the Aid of Coupling Reagents 

b. Coupling with Carbodiimides in the Presence of 1-Hydroxybenzotriazole (1J 

tert.Buiyloxyvarbonyl-L'I^cyl'h'phenylalmme Methyl Ester 

I 
CH3 CH2 

CH3-C-0-C0-NH-CH-C00H ♦ H2N-CH-C0-0CH3 ♦ c~y~~^^N— 

CH3 

eH3VH3Q 

^ CH3 CH2 GH2 0    . ^ 
m/ r  CH3-G-0-CO-Nti-a^ ♦ . ^^NH-C-NH^^ 

CH3 ~" 

C21H32N2P5 (392:5) 

L-Phenylalanine methyl ester hydrochloride^! 6g, lOOmmol), i -hydroxy^ 
benzotriazole [2] (15.3 100 mmol), /err.butyloxycarbonyl-L-leucine [2] 

(23.1 g, 100 mmoi) and N^thylmQ^bo)^e (:iLS.g = 12:6 ml, 100 mmol) are 
dissolved in dry tetrahydrofuraae (32 ml), the solution is stirred and cooled 
in an ice-water bath while dicyjclohexyl^rbodiimide (21.6 g, 105 mmol) is 
added. Stirring is continued for one hour at 0 °C and an additional hour at 
room temperature. The:N,Nv^icyclohexylurea which separated is removed by 
filtration and the solvent evaporate in vacuo. A mixture of ethyl acetate (500 rnl) 
and of a saturated solution of NaHC03 in water (250 ml) is added to the 
residue and the organic phase extracted! with a 10 % solution of citric acid in 
water (250 ml), again with saturated NaHCQ3 (250 ml) and water (250 ml). 
The solution is dried oyer anhydrous Na2S04 filtered [3] and evaporated to 
dryness in vacuo. The residue is triturated with hexane, filtered, washed with 
hexane and dried. The crude dipeptide derivative (about 34.4 g, 88 %) melts at 
80-85°, It is purified by chromatography on a column of basic alumina (100 g) 
with ethyl acetate as eluent. The pure compound (30.0 g, 76,5 %) melts at 
91 °C; [a)% -27.7° (0 % methanol). 

L Konig, W., Geiger, R.: Chem. Ber. 103, 788 (1970). I-Hydroxybenzotriazole is, 
perhaps, the most frequently used auxiliary nucleophile. For the suppression of 
raccmization, however, 3,4-dihydro-3-hydroxy-l,2,3-benzotriazine-4-one is more 
effective. Cf. Konig, W., Geiger, R.: Chem. Ber. 103y 2024, 2034 (1970). 

2. Some samples of .1-hydroxybenzotriazole and tert.butyloxycarbonyl-leucine con- 
tain one mole of water of crystallization; of such monohydrates accordingly more 
has to be used. The presence of the small amount of water added in this way 

. to the reaction mixture does not significantly affect the outcome of the coupling 
reaction. 

3. At this point some N,N'-dicyclohexylurea, still present in the mixture, is removed 
together with the drying agent.. 
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II. Activation and Coupling . - 

Coupling with Dicyclohexylcarbodiimide in the Presence 
of N-Hydroxysuccinimide |1J 

Phthalyl'h-phenylalanyl-L-valyl-L^ 

L-methionyl-L<isparaginyl<htert^ tert.butyl Ester [2J 

Pht-Pher-Val-Gln-Trp-Leu-OH + Met-Asrr-Thrt^uhO^u * ^V-N=G=N—O 

~& 
  0 PW-Phe^yal-Gln-Trp-Leu-Met-Asn-Thr(t Bu (-0* Bu 

CgsHagN^OMS (1280.6) 
1ft , 

Phthalyl-L^phe he- 
mihydrate (8.31 gs 10 mmpl), L-methionyl-L-asparagmyl-^^^ 
nine /er/.butyl ester (4.78 g, 10 mmol) and N-hydroxysuccmimide (1.15 g, 
10 mmol) are dissolved in dimethyliformamide (67 ml). The solution is stirred 
and cooled to —10 °C during the addition of dicyclohexylearbodiimide 
(2.06 g, 10 mmol). After two hours at —10 °C and 48 hours at —3 °C water 
(330 ml) is added [3] to the reaction mixture: the material which separated soon 
solidifies. It is collected on a filter* thoroughly washed with aii saturated solur 
tion of NaHC03 in water (200 ml) then with water (200 ml) and dried over 
P205 in vacuo. The crude product (12.1 g) melts with decomposition at 225 to 
226 CC. After precipitation from an ethanoiic solution with water the purified 
nonapeptide derivative. (9.7 g, 75 %) melts at 226-227 °C; (<x]*° —3;1,#° ,1, 
dimethylfonnamidie). 

N-£efuy!oxycarbonyl<ht^ 
h-aspartic Acid Methyl Ester £2] 

Z-Tyr(*Bu)-OH * H-Leu-Aspf* BuKOCH3*HCl "+ NtCjHsh - 

 ° Z-Tyftt.Bu)-Leu-Asp(tBu)-OCH3 * 

C36H51N3Q9    (659.8) "~"' 

N-Ben2yloxycarbonyl-o-/er/.butyl-L-tyrosine (3.72 g, 10 mmol) and L- 
leucyi-^^;:£.butyl-L-aspartic acid methyl ester hydrochloride (3.54 g? 

10 mmol), N-hydroxy succinimide (1.20 g, 10.5 mmol) and triethylamine 
(1.01 g = 1.40 ml, 10 mmol) are dissolved in a mixture dimethylforraamide 
(15 ml) and acetonitrile (15 ml). The solution is cooled to —10 °C and dicyclo- 
hexylearbodiimide (2.06 g, 10 mmol) is added. The reaction mixture is stored 
at —10° overnight. The precipitate, N,N'-dicyclohexylurea, is removed by fil- 
tration and the solvents evaporated in vacuo. The residue is dissolved in a 
mixture of ethyl acetate (100 ml) and water (50 ml) and the organic phase 
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G. Peptide Bond Formation with the Aid of Coupling Reagents 

extracted with a 10% solution of citric acid in water (50 ml), 0.5 N KHC03 

(50 ml) and water (50 ml), dried over anhydrous Na2S04 and evaporated to 
dryness under reduced pressure. Toluene (50 ml) is added and removed in 
vacuo. The addition and removal of toluene is repeated and the residue is 
crystallized from diisopropyl ether [4]. The purified fully blocked tripeptide 
(6.4 g, 95 %) melts at 115-116 °C; [aft0 -20.9° (c 2.8, ethanol). Gn thin layer 

chromatograms (silica gel) in the system of ^heptane-ter^butanol-piperidine 
(3:1:1) only a single spot can be detected. 

1. Wiinsch, E., Drees, F.: Chem, Ber. 99\ 110 (1966) 
2. Wiinsch, EM Zwick, A., Wendlberger, G.: Chem. Ben 100y 173 (1967) 
3. It seems to be advisable to filter off the separated N,N'-dicyclohexyNurea prior to 

the addition of water. 
4. Diisopropyl ether is a dangerous material which caused severe explosions. The 

authors do not recommend its use. 
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